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1. 

Microphone for detecting bodily sounds. 

During auscultation and recording of bodily sounds, microphones are 
used for converting the acoustic signals into electric voltage 
variations which can be amplified and processed by well-known 
electronic technology. Recording and storage can be done using 
magnetic tape, and the signal can be presented acoustically by 
earphones, loudspeakers or visually on a cathode ray tube, a liquid 
crystal display, or the like. 

A problem is that conventional microphones also pick up acoustic, 
mechanical, and electromagnetic interference to such a high degree 
that the recording of very weak bodily sounds often will have an 
unsatisfactory signal quality, the signal being sometimes completely 
masked by the noise. 

There are two basically different solutions to this problem. One is to 
use a sensor, the output signal of which is proportional to the 
vibrations of the skin surface, and the mechanical impedance of which 
is matched to that of skin. Such a sensor can be built up as a sandwich 
structure of different layers. The active sensor layer is composed of a 
piezoelectric material, while the other layers give mechanical 
protection to the relatively sensitive piezoelectric layer, and provide 
an electrostatic shield against "hum" caused by the line voltage, and 
interference having other origin. This solution results in a relatively 
complex construction with high demands on precision and skilled 
labour in the assembly, which leads to a relatively expensive product 
which is difficult and costly to produce in large volume. 

Another solution is to use a microphone set up consisting of two or 
more microphone elements connected in a bridge configuration, where 
each microphone picks up the bodily sounds through a housing which is 
either open against the skin, or connected to it via a thin membrane in 
contact with the skin. Strongly localized acoustic signals, such as the 
bodily sounds, will be picked up by the microphone bridge, whereas 
common incident sound will be suppressed. Such an arrangement will, 
however, require that the acoustic connection of the two microphones 
are equal in order to result in efficient suppression of noise. This is 
only partly accomplished in practice which means that suppression of 
airborne acoustic noise is limited. 
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In the present invention, this basic problem of noise suppression is 
solved without the disadvantages of the mentioned solutions. The 
invention can be said to make use of the same basic physical principle 
but in a design which makes mass production at low cost possible of a 
microphone with very good suppression of interference from different 
sources. Another important advantage with the present microphone is 
the simplicity in its use. In contrast to most alternative designs is 
does not require a tight seal against the skin and the sensor can be 
applied by adhesive tape or simply lying by its on weight on the skin. 
The invention is characterized by the enclosed claims and will in the 
following be described in connection to the enclosed drawings. Figure 
1 shows the microphone according to the invention in one preferred 
embodiment, Figure 2 the deasign of a single microphone element. 
Figures 3 and 4, finally, shows alternative designs. 

The microphone according to the invention consists, as is depicted in 
Figure 1, of a housing 1, the inner of which is a closed inner space in 
relation to the ambient. In reality, the sealing of this housing should 
be so tight that airborne acoustic signals in the ambient are not 
transmitted by an eventual leakage to the closed inner space. The 
material of the housing could be metallic or a polymer, and its walls 
should be rigid enough so that resonance vibrations in the audible 
frequency range do not appear. The inner of the housing 1 is divided 
into two cavities 2, 3 by an elastic membrane 4, which can consist of 
a thin foil of latex (natural rubber) silicone or another elastomer. A 
mass element 5 is placed on the membrane 4, advantageously made 
from a material having high density. When the housing 1 is vibrating, e 
g by bodily sounds that reach the skin surface on which the housing has 
been placed, the mass 5 will counteract against the vibratory 
movement by its inertia, and by the elasticity of the membrane 4. This 
leads to pressure variations of opposite sign of the gas (mostly air) 
inside the two cavities 2, 3. In figure 1, an accelerating motion 
downwards in the figure leads to a relative displacement of the mass 
5 relative to to the housing 1 so .that the upper cavity 2 will have a 
positive pressure, whereas the cavity 3 will have a negative pressure. 
Pressure sensitive microphone elements 6, 7 are connected to the 
cavities 2, 3 and convert the differential pressure variations in the 
cavities 2, 3 into electric voltage variations. In one embodiment of the 
invention the microphone eloements 6, 7 are each connected through 
leads 11, 12 in the form of tubing. This embodiment has the advantage 
that the housing 1 the membrane 4, the the mass 5 and the leads .11, 12 
can be manufactured as a stand-alone unit which can be connected or 
disconnected to/from the microphone elements 6, 7 by connectors 13, 
14. In their simplest form, the connectors 13, 14 can consist of tubing 
sections, one of which is slightly conical in shape, as depicted in 
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lockable connectors using threads or 
are, of course, possible. 



The microphone elements 6, 7 are connected in a bridge configuration 
with two voltage supplying leads 8, 10 and one signal carrying lead 9. 
As described earlier such a bridge configuration gives suppression of 
noise incident on the elements in equal phase. This is the case for 
airborne acoustic noise, if the distance between the microphone 
elements is considerably smaller than the wavelength of the 
interfering acoustic wave. 

The bridge configuration is especially suitable when capacitive 
electret elements with built-in impedance converters are used as 
microphone elements. One such element is schematically depicted in 
Figure 2. The microphone element consists of a capacitor 15, the plate 
separation, and thereby the capacitance of which, varies according to 
the pressure. A polarized electret material is inserted in the capacitor 
15 which gives rise to a charge displacement corresponding to the 
capacitance variations, and in turn, voltage variations between the 
connections of the capacitor. These voltage variations are transferred 
to the gate of a field effect transistor 16, the main function of which 
is to provide an output signal having a low output impedance, allowing 
useful lengths of the signal carrying lead 9. Microphone elements with 
small physical dimensions and with built-in impedance converters 
according to this description are commercially available in a variety 
of detailed designs and are mass produced for use in telephone 
appliances, tape recorders etc. 

It is also possible to compensate for individual variations in 
sensitivity between different microphone elements 6, 7 by connecting 
resistors or capacitors 18,19 in parallel or in series with the 
microphone elements. 

The housing 1 is advantageously cylindrical with a diameter of 15-50 
mm and having a height of 5 - 25 mm. If the requirements on 
distortion-free signal transmission are high, the length of the leads 
should be considerably less than the sound wavelength of the highest 
frequency one wishes to record. If the leads are longer, standing waves 
will occur, which will redistribute the frequency spectrum of the 
signal to frequencies where the well-known resonance conditions for 
standing waves are fulfilled. In many applications,, e g patient 
monitoring, this phenomenon of distortion is unimportant, and leads up 
to several meters can be tolerated. The inner diameter of the leads 
should be as small as possible, since their volume will add to the 
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volume of the cavities 2, 3. The smaller the added volume, the bigger 
pressure variation will be for a given movement of the membrane 4 and 
the mass 5. If long leads 11, 12 are necessary, the inner diameter can 
often be chosen so that the gas flow resistance of the leads gives art 
optimal attenuation of the abovementioned resonance phenomenon. For. 
example, with a lead length of 100. cm, efficient attenuation, and 
thereby a distortion-free signal transmission, can be obtained with an 
inner diameter of approximately 1.0 mm. The material of the leads f-1, 
12 can be a relatively flexible polymer, such as poly vinyl chloride 
with an added softener, the leads 11, 12 can also be built into one 
common polymer jacket. 

Another mechanical resonance phenomenon appears as a result of the 
mass 5 and the elasticity of the membrane 4, in combination with the 
compliance of the closed air volume of the cavitiies 2, 3, eventually 
with the added air volume of the leads 11, 12. This mechanical 
resonance frequency should either be chosen higher or lower than that 
of the actual bodily sounds, if the demands on good signal quality is 
high. 

An advantage with the connectors 13, 14 used for non-permanent 
connection between the housing and. the microphone elements is that 
the dimensions, shape of the housing, and the length of the leads can be 
adapted to the anatomy of the individual patient and to the application 
by interchanging the housing and the leads. This is important, since the 
variations between different patient groups are large. In certain 
designs, it could be an advantage to have the microphone elements 6, 7 
built in an amplifyer case, having also the electrical connections 8, 9, 
10 incorporated in the case. 

In connections where the signal quality is of utmost importance, one 
wishes to minimize the closed volumes 2, 3 and the length of the leads 
11, 12. In this case the design shown in Figure 3 is suitable. The figure 
shows a microphone with many common characteristics with that of 
Figure 1. The microphone consists of a housing 1, the inner of which is 
divided into two cavities 2, 3 by a membrane 4 and a mass element 5. 
Two microphone elements 6, 7 are connected to the cavities 2 and 3. In 
this case the connection takes place by mounting the microphone 
elements 6, 7 directly on the housing 1 by means of two holes 20, 21 
in the wall of the housing. Similarly to that shown in Figure 1, the 
microphone elements are electrically interconnected by bridge 
configuration with two leads 8, 10 for voltage supply, and one lead 9 
for signal transmission. 

In Figure 4, another design of the microphone according to the 
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invention is described. It has similarities to those of Figure 1 and 3 
since it consists of a housing, in this case made from three bonded 
plates 22, 23, 24 of single crystalline silicon. The inner of the housing 
is divided into two cavities 25, 26 through a membrane 27, and a mass 
element 28 which have been fabricated by etching from one of the 
silicon plates. 

The airgap 29 between the plate 22 and the mass 28 constitutes a 
capacitor, the capacitance of which is dependent on the width of the 
airgap, which in turn varies according to vibratory motion of the 
housing caused by the mass 28 and the elasticity of the membrane 27. 
The variations of the capacitance give rise to a charge diplacement in 
a thin layer of an electret material applied to the gate region of a field 
effect transistor, which has been integrated by photolithography and 
diffusion of dopants according to well-known technology into the 
silicon plate 22. The field effect transistor consists of a conducting 
channel 33 the conductance of which can be modulated from the gate 
electrode by "source" and "drain" electrodes 31, 32. The conductance 
of the channel 33 is modulated by the charge distribution on the gate, 
whereby impedance conversion is performed analogously to that 
described in connection with Figure 2. 

The design of Figure 4 shows that the microphone design can be 
integrated on a small number of silicon plates. By using fabrication 
technology known from the manufacture of integrated circuits, it is 
possible to produce the microphone according to the invention at a very 
low cost. The manufacture consists of a small number of process 
steps such as deposition of electret material, dopants, metal layers 
for connections, etching of cavities, and then finally bonding. 

The microphone according to the invention can be varied in many ways 
within the framework of the following claims. 
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Claims. 

1. Microphone for detecting bodily sounds characterized in a tight and 
rigid housing (1) the inner of which is divided into at least two 
cavities (2, 3) sparated by at least one membrane (4) having at least 
one mass element (5) applied, and that to at least one of the cavities 
(2, 3), at least one pressure sensitive microphone element (6, 7 ) is 
connected. 

2. Microphone according to claim 1 characterized in that each of the 
cavities (2,3) is connected to one microphone element (6,7), whereby 
these are connected in a bridge configuration with supplying leads (8, 
10) and at least one signal transmitting lead (9) in such a way that 
varying pressure differences between the cavities (2, 3) give rise to 
electric voltage variations on the signal transmitting lead (9), 
whereas common pressure variations occurring simultaneously in the 
cavities (2, 3) do not give rise to sucg voltage variations. 

3. Microphone according to claim 1 characterized in that the 
microphone elements (6,7) consist of capacitive electret elements 
(15) with built-in impedance converters (16). 

4. Microphone according to claim 1 characterized int that the 
microphone elements (6, 7) are connected to their respective cavities 
(2, 3) through leads (11, 12), preferably in the form of flexible tubing. 

5. Microphone according to claim 1 characterized in that the 
microphone elements (6,7) are connected to their respective cavities 
(2, 3) through openings (20, 21) in the walls of the housing (1). 

6. Microphone according to claim 1 characterized int that the mass (5) 
and the membrane (4) elasticity and the cavity (2, 3) compliance do 
not exhibit any mechanical resonance in the frequency region of the 
bodily sounds. 

7. Microphone according to claim 1 and 4 characterized in that the 
inner diameter of the leads (11, 12) are chosen so that resonances in 
the housing (1) or the leads (11, 12) are attenuated by the flow 
resistance of the leads (11, 12). 

8. Microphone according to claim 1 and 4 characterized in at least one 
connector (13, 14) for non-permanent connection of the housing . (1) 
with the microphone elements (6, 7). 
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9. Microphone according to claim 1 characterized in that the mass. (28), 
the membrane (27), and the microphone element (29) are integrated in 
a single crystalline silicon structure by etching, surface deposition 
and bonding of a small number of silicon crystals (22, 23, 24). 

10. Microphone according to claim 1 and 2 characterized in that at 
least one resistive or capacitive impedance element (18, 19) is 
connected in series or in parallel with at least one of the microphone 
element (6, 7). 
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